Introduction
============

Breast cancer is one of the most common malignant tumors in women. The age of onset of breast cancer varies considerably between women in Asian and Western countries. In the Asian region, breast cancer accounts for 10%--25% of cancer diagnoses in patients aged 35 years or younger,[@b1-tcrm-10-867] whereas this percentage is less than 3% in Western countries.[@b2-tcrm-10-867],[@b3-tcrm-10-867] Studies have suggested that, when compared with older patients, breast cancer patients aged 35 years or younger have markedly different biological characteristics, including negative hormone receptor status, high histological grade, high cell proliferation rate, and vascular tumor thrombus. Although some discrepancies exist,[@b4-tcrm-10-867]--[@b7-tcrm-10-867] the majority of research has suggested that breast cancer patients aged 35 years or younger have a significantly worse prognosis than older patients.[@b6-tcrm-10-867],[@b7-tcrm-10-867] Similar results have also been observed in Chinese breast cancer patients.[@b8-tcrm-10-867],[@b9-tcrm-10-867]

In recent years, rapid progress has been made in combined modality therapy for breast cancer. Radiotherapy is considered one of the most important postoperative adjuvant therapies for breast cancer patients with positive axillary lymph nodes. Studies have shown that radiotherapy may reduce the incidence of distant metastases and improve survival by controlling locoregional recurrence.[@b10-tcrm-10-867]--[@b12-tcrm-10-867] However, most studies have not performed age-stratified analysis specifically for very young breast cancer patients (aged 35 years or younger). Therefore, we performed a retrospective analysis to study the value of postoperative adjuvant radiotherapy in Chinese breast cancer patients aged 35 years or younger with positive axillary lymph nodes after mastectomy.

Patients and methods
====================

Patients
--------

We retrospectively analyzed 3,759 breast cancer patients with complete follow-up records who were registered and treated at the Sun Yat-Sen University Cancer Center from January 1998 to December 2007. Patients were included based on the following criteria: female, unilateral breast cancer, aged 35 years or younger, underwent mastectomy and axillary lymph node dissection, classified into pT1--2-N1 and pT1--4-N2--3 stage by postoperative pathological examination according to the 7th edition (2009) of the American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) staging system, received postoperative adjuvant chemotherapy for at least 4 cycles with no preoperative neoadjuvant chemotherapy, endocrine therapy performed in patients with positive hormone receptor status, at least ipsilateral chest wall and supra- and infra-clavicular lymph drainage regions involved in patients who received post-mastectomy radiotherapy (PMRT), and no history of second primary cancer. The study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Sun Yat-Sen University Cancer Center. Written consent was given by the patients for their information to be stored in the hospital database and used for research.

Radiation therapy
-----------------

Decisions about PMRT were based on clinical staging and patient preference. Typically, PMRT was offered to patients with four or more positive lymph nodes and/or tumors \>5 cm; patients with pT1--2 and one to three positive nodes were considered for PMRT, but the patient made the final decision over whether to proceed. Some patients did not receive PMRT due to economic and social factors. PMRT was administered and included ipsilateral chest wall and supra- and infra-clavicular lymph regions. The total dose of radiotherapy was 46--50 Gy, at 2 Gy each time. The chest wall was treated with 6 MV X-ray with opposed tangential fields or 6--9 Mev electron beam, with the use of tissue compensation membrane of 0.5--1 cm when needed. Single-field irradiation was performed for the supra- and infra-clavicular lymph drainage regions with 6 MV X-ray combined with 12--15 Mev.

Follow-up and study endpoints
-----------------------------

Follow-up was scheduled every 3--6 months from the first day after surgery. The primary study endpoint was locoregional recurrence-free survival (LRFS), with secondary endpoints including distant metastasis-free survival (DMFS), disease-free survival (DFS), and overall survival (OS). Locoregional recurrence was defined as pathologically confirmed relapse on the chest wall, supra- and infra-clavicular fossa, axillary area, or internal mammary region. Distant metastasis was defined as any relapse outside the locoregional recurrence area and was confirmed using two types of medical imaging methods (and pathology assessment, if needed). OS was calculated as a period of time from the date of diagnosis to the date of death from any cause or the date of last follow-up.

Statistical analysis
--------------------

All analyses were performed using the SPSS statistical software package, version 16.0 (SPSS Inc., Chicago, IL, USA). The *χ*^2^ and Fisher's exact probability tests were used to analyze the differences between qualitative data. Calculation of survival rates were plotted by the Kaplan--Meier method and compared using the Log-rank test. Univariate survival analysis was conducted using the Log-rank test. Stepwise Cox regression analysis was used for multivariate analysis. Factors that were significant indicators of endpoints in the univariate analysis were included in the stepwise Cox regression analysis. A value of *P*\<0.05 was considered statistically significant.

Results
=======

Patient characteristics and treatment protocol
----------------------------------------------

A total of 221 patients met the inclusion criteria and were enrolled in the study. The median age was 32 years (range 20--35). All patients underwent mastectomy and axillary lymph node dissection (level II or III), 46 (20.8%) received radical mastectomy, and 175 (79.2%) underwent modified radical mastectomy. The median number of removed lymph nodes was 16 (range 2--47), and the median number of positive lymph nodes was three (range 1--37). According to the UICC/AJCC staging system, 116 patients (52.5%) were classified as pT1--2-N1-M0 (one to three positive nodes) and 105 (47.5%) as pT1--4-N2--3-M0 (four or more positive nodes). All patients received adjuvant chemotherapy, 24 (10.9%) were treated with a CMF (cyclophosphamide, methotrexate, and 5-fluorouracil \[5-Fu\]) regimen, and 197 (89.1%) received regimens with anthracycline and/or a taxane. The median number of chemotherapy cycles was 6 (range 4--8). A total of 110 patients (53.8%) with positive hormone receptor status were treated with endocrine therapy using tamoxifen following radiotherapy, and 17 were treated with luteinizing hormone-releasing hormone agonists (eg, goserelin). None of the patients with human epidermal growth factor receptor (HER)-2 positive cancers received trastuzumab. A total of 92 patients (41.6%) received adjuvant radiotherapy, with a median dose of radiation of 50 Gy (range 46--50) after adjuvant chemotherapy ([Tables 1](#t1-tcrm-10-867){ref-type="table"} and [2](#t2-tcrm-10-867){ref-type="table"}).

Survival of patients
--------------------

The median follow-up duration of the 221 patients was 61 months (range 10--154). Locoregional recurrence occurred in 34 cases: six in the chest wall, 19 in the supraclavicular fossa, one in the axillary lymph nodes, one in the internal mammary node, and seven in more than two sites. The median time to recurrence was 27.8 months (range 7--110). The 5- and 10-year LRFS for all patients was 84.1% and 76.4%, respectively. A total of 78 patients developed distant metastases. The detail of the distant metastases events are shown in [Table 3](#t3-tcrm-10-867){ref-type="table"}. For all patients, the 5- and 10-year DMFS was 65.2% and 53.9%, respectively. The 5- and 10-year DFS was 61.4% and 49.4%, respectively. A total of 60 patients died of breast cancer during the follow-up; one patient died in a car accident. The 5- and 10-year OS rates were 77.2% and 60.0%, respectively.

Prognostic factors for locoregional recurrence-free survival
------------------------------------------------------------

The univariate analysis results for prognostic factors are summarized in [Table 4](#t4-tcrm-10-867){ref-type="table"}. According to the univariate analysis, patients with higher pN stage (*P*=0.041) and patients without PMRT (*P*=0.003) had lower LRFS. The pT stage; the estrogen receptor (ER), progesterone receptor (PR), and HER-2 status; and the adjuvant chemotherapy regimen had no significant effect on LRFS ([Table 4](#t4-tcrm-10-867){ref-type="table"}). Multivariate analysis also supported that pN stage and PMRT were independent prognostic factors of LRFS ([Table 5](#t5-tcrm-10-867){ref-type="table"}).

Impact of post-mastectomy radiotherapy on survival
--------------------------------------------------

In the entire group with survival analysis, LRFS (*P*=0.003) was significantly better for patients who received PMRT than for those who did not, but there was no significant difference between the patients receiving and not receiving PMRT in terms of DMFS (*P*=0.429), DFS (*P*=0.146), and OS (*P*=0.750) ([Table 6](#t6-tcrm-10-867){ref-type="table"}). In the subgroup analysis of patients with four or more positive nodes, the addition of PMRT improved LRFS (*P*=0.001), DFS (*P*=0.017), and OS (*P*=0.042). PMRT showed a trend to improve DMFS (*P*=0.085) ([Table 6](#t6-tcrm-10-867){ref-type="table"} and [Figure 1](#f1-tcrm-10-867){ref-type="fig"}). In patients with one to three positive nodes, PMRT showed a trend to improve LRFS (*P*=0.068) and DFS (*P*=0.064), but there was no significant difference between the patients receiving and not receiving PMRT in terms of DMFS (*P*=0.132) and OS (*P*=0.240) ([Table 6](#t6-tcrm-10-867){ref-type="table"}).

Discussion
==========

We retrospectively analyzed the value of PMRT in Chinese breast cancer patients aged 35 years or younger with positive axillary lymph nodes after mastectomy. We found that PMRT significantly improve LRFS but not DMFS, DFS, and OS in this patient population. Furthermore, subgroup analysis suggested that PMRT can improve the prognosis of breast cancer patients with four or more positive nodes, but has no beneficial effect on patients with one to three positive nodes.

An age of 35 years or younger is considered to be one of the high risk factors for locoregional recurrence after breast cancer surgery,[@b13-tcrm-10-867],[@b14-tcrm-10-867] emphasizing the importance of administering locoregional therapy in young patients. Postoperative adjuvant radiotherapy is one of the essential adjuvant therapies aiming to improve locoregional control. Randomized trials have confirmed that postoperative adjuvant radiotherapy may benefit survival by improving LRFS.[@b10-tcrm-10-867]--[@b12-tcrm-10-867] Our study showed that PMRT has a beneficial effect on LRFS but not on DMFS, DFS, and OS in patients aged 35 years or younger with positive lymph nodes. Our findings suggest that PMRT may enhance locoregional control but fail to prevent the development of distant metastases. This may be due to more aggressive nature of the breast cancer and a higher chance of treatment failure caused by micrometastases in patients aged 35 years or younger. It might be reasonable to hypothesize that earlier systemic therapy may improve patient prognosis. Indeed, a study conducted by Garg et al[@b15-tcrm-10-867] in stage II--III patients aged less than 35 years who received PMRT after neoadjuvant therapy showed that PMRT was able to improve LRFS and OS, suggesting that early systemic therapy may reduce distant metastases and further improve survival.

Lymph node status is an important factor that affects the selection of type of adjuvant therapy treatment for breast cancer patients. It is also one of the essential indicators for PMRT. However, whether PMRT is beneficial for patients remains controversial. The St Gallen Breast Cancer Conference[@b16-tcrm-10-867] recommends the use of PMRT in patients younger than 35 with metastases involving one to three axillary lymph nodes and patients with four or more positive nodes. In 2008, the National Comprehensive Cancer Network (NCCN)[@b17-tcrm-10-867] strongly recommended the routine use of PMRT in patients of all ages with one to three positive axillary lymph nodes as well as those with four or more positive nodes. However, the European Society of Breast Cancer Specialists[@b18-tcrm-10-867] suggested that PMRT should only be used for patients aged less than 40 years with one to three positive axillary nodes. Therefore, major controversy surrounds whether PMRT is necessary for patients with one to three lymph node metastases. The Early Breast Cancer Trialists' Collaborative Group[@b19-tcrm-10-867] have addressed the uncertainty of PMRT in patients with one to three positive nodes and concluded it reduced both recurrence and breast cancer mortality. However, there are currently no randomized controlled trials showing the beneficial effect of postoperative adjuvant radiotherapy in patients aged 35 years or younger with metastases in one to three axillary lymph nodes. Our stratified analysis is the first to demonstrate that PMRT has no beneficial effect on patients with one to three positive lymph nodes. A randomized controlled clinical trial is currently investigating this.[@b20-tcrm-10-867] Results from the trial are expected to provide more data in patients with one to three positive lymph nodes.

Breast reconstruction is an important tool to improve cosmetic outcome after mastectomy in patients aged 35 years or younger. With the advancements in reconstruction techniques, the effect of postoperative adjuvant radiotherapy on prostheses and radiotherapy-induced skin fibrosis has gained much attention for both immediate and delayed reconstruction.[@b21-tcrm-10-867] Based on the present study, radiotherapy may be unnecessary in patients aged 35 years or younger with one to three positive lymph nodes. However, with the progress that has been made in systemic therapies that has further reduced DMFS, randomized trial results are needed to evaluate the value of PMRT.

There is little controversy surrounding the use of PMRT in patients with four or more axillary lymph node metastases. Early in 2001, the American Society of Clinical Oncology recommended the routine use of PMRT in patients with four or more positive lymph nodes.[@b22-tcrm-10-867] In 2007, the Danish Breast Cancer Cooperative Group 82b and 82c trials showed that PMRT had a beneficial effect on patients with four or more positive lymph nodes.[@b23-tcrm-10-867] In a study by Liukkonen et al[@b24-tcrm-10-867] of pT3--4 patients aged 35 years or younger with axillary lymph node metastases after mastectomy, PMRT was found to improve locoregional control. Although our study did not show a beneficial effect of PMRT on DMFS in patients with four or more positive nodes, PMRT can improve locoregional control and thereby improve DFS and OS. This result is consistent with the majority of guidelines regarding indicators for the use of PMRT in patients with four or more positive nodes.[@b25-tcrm-10-867]--[@b27-tcrm-10-867]

Certain limitations to this study should be considered. First, the conclusion is based on a retrospective study involving a small number of subjects and a relatively short duration of follow-up; randomized controlled trials are lacking. Second, HER-2 status differed significantly in clinical characteristics of patients with one to three positive nodes, and none of the HER-2-positive patients were treated with trastuzumab. Therefore, it remains unclear whether trastuzumab has beneficial effects in such patients.

Conclusion
==========

Our study suggests that PMRT may reduce locoregional recurrence and improve survival in Chinese breast cancer patients aged 35 years or younger with four or more positive nodes. However, this is still uncertain and needs to be confirmed by further prospective studies to confirm the value of PMRT in patients aged 35 years or younger with one to three positive nodes.
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###### 

Patient characteristics and treatment protocols

  Characteristic                                            n     PMRT          *P*-value     
  --------------------------------------------------------- ----- ------------- ------------- ---------
  Age (y)                                                                                     
   Median (range)                                           221   32 (23--35)   33 (20--35)   --
  Tumor stage                                                                                 
   pT1                                                      54    36 (66.7)     18 (33.3)     0.024
   pT2                                                      134   81 (60.4)     53 (39.6)     
   pT3                                                      23    7 (30.4)      16 (69.6)     
   pT4                                                      10    5 (50.0)      5 (50.0)      
  Nodal stage                                                                                 
   pN1                                                      116   92 (79.3)     24 (20.7)     \<0.001
   pN2                                                      54    19 (35.2)     35 (64.8)     
   pN3                                                      51    18 (35.3)     33 (64.7)     
  TNM stage                                                                                   
   II                                                       116   92 (79.3)     24 (20.7)     \<0.001
   III                                                      105   37 (35.2)     68 (64.8)     
  ER status[a](#tfn1-tcrm-10-867){ref-type="table-fn"}                                        
   Negative                                                 95    48 (50.5)     47 (49.5)     0.060
   Positive                                                 119   75 (63.0)     44 (37.0)     
   Unknown                                                  7     6 (85.7)      1 (14.3)      
  PR status[a](#tfn1-tcrm-10-867){ref-type="table-fn"}                                        
   Negative                                                 71    38 (53.5)     33 (36.5)     0.234
   Positive                                                 143   85 (59.4)     58 (40.6)     
   Unknown                                                  7     6 (85.7)      1 (14.3)      
  HER-2 status[b](#tfn2-tcrm-10-867){ref-type="table-fn"}                                     
   Negative                                                 129   78 (60.4)     51 (39.6)     0.181
   Positive                                                 71    36 (50.7)     35 (49.3)     
   Unknown                                                  21    15 (71.4)     6 (28.6)      
  Adjuvant chemotherapy regimen                                                               
   CMF                                                      24    16 (66.7)     8 (33.3)      0.383
   Anthracycline and/or taxane                              197   113 (57.4)    84 (42.6)     

**Notes:**

Positive status refers to 10% immuno-stained cells by immunohistochemical results.

Positive status refers to 3+ or 2+ score by immunohistochemical results that is confirmed to be positive by FISH test.

**Abbreviations:** CMF, cyclophosphamide, methotrexate, and 5-Fu; ER, estrogen receptor; FISH, fluorescence in situ hybridization; HER-2, human epidermal growth factor receptor-2; PMRT, post-mastectomy radiotherapy; PR, progesterone receptor; TNM, tumor, lymph nodes, metastasis; 5-Fu, 5-fluorouracil.

###### 

Clinical characteristics of patients with one to three positive nodes and four or more positive nodes

  Characteristic                  One to three positive nodes   Four or more positive nodes                                                    
  ------------------------------- ----------------------------- ----------------------------- ----------- ------- ---- ----------- ----------- -------
  Tumor stage                                                                                                                                  
   pT1                            38                            30 (78.9)                     8 (21.1)    0.564   16   6 (37.5)    10 (62.5)   0.737
   pT2                            78                            62 (79.5)                     16 (20.5)           56   19 (33.9)   37 (66.1)   
   pT3                            --                            --                            --                  23   7 (30.4)    16 (69.6)   
   pT4                            --                            --                            --                  10   5 (50.0)    5 (50.0)    
  Nodal stage                                                                                                                                  
   pN1                            116                           92 (79.3)                     24 (20.7)   --      --   --          --          --
   pN2                            --                            --                            --                  54   19 (35.2)   35 (64.8)   0.991
   pN3                            --                            --                            --                  51   18 (35.3)   33 (64.7)   
  ER status                                                                                                                                    
   Negative                       41                            30 (73.1)                     11 (26.9)   0.482   54   18 (33.3)   36 (66.7)   0.380
   Positive                       69                            57 (82.6)                     12 (17.4)           50   18 (36.0)   32 (64.0)   
   Unknown                        6                             5 (83.3)                      1 (16.7)            1    1 (100)     0 (0)       
  PR status                                                                                                                                    
   Negative                       34                            25 (73.5)                     9 (26.5)    0.610   37   13 (35.1)   24 (64.9)   0.394
   Positive                       76                            62 (81.6)                     14 (18.4)           67   23 (34.3)   44 (65.7)   
   Unknown                        6                             5 (83.3)                      1 (16.7)            1    1 (100)     0 (0)       
  HER-2 status                                                                                                                                 
   Negative                       61                            56 (91.8)                     5 (9.2)     0.002   68   22 (32.4)   46 (67.4)   0.040
   Positive                       40                            26 (65.0)                     14 (35.0)           31   10 (32.3)   21 (67.7)   
   Unknown                        15                            10 (66.7)                     5 (33.3)            6    5 (83.3)    1 (16.7)    
  Adjuvant chemotherapy regimen                                                                                                                
   CMF                            15                            11 (73.3)                     4 (26.7)    0.540   9    5 (55.6)    4 (44.4)    0.166
   Anthracycline and/or taxane    101                           81 (80.2)                     20 (19.8)           96   32 (33.3)   64 (66.7)   

**Note:** *P*-values for comparison between PMRT group and non-PMRT group with chi-square test.

**Abbreviations:** CMF, cyclophosphamide, methotrexate, and 5-Fu; ER, estrogen receptor; HER-2, human epidermal growth factor receptor-2; PMRT, post-mastectomy radiotherapy; PR, progesterone receptor; 5-Fu, 5-fluorouracil.

###### 

Distribution of the first event by specific distant metastases sites

  Distant metastases site   n    \%
  ------------------------- ---- ------
  Isolated lung             10   12.8
  Isolated bone             19   24.4
  Isolated liver            14   17.9
  Isolated soft tissue      10   12.8
  Isolated brain            6    7.7
  Multiple sites            19   24.4

###### 

Univariate analysis of locoregional recurrence-free survival

  Characteristic                  5-year LRFS (%)   *P*-value
  ------------------------------- ----------------- -----------
  Tumor stage                                       
   pT1--2                         84.4              0.555
   pT3--4                         82.2              
  Nodal stage                                       
   pN1                            86.0              0.041
   pN2                            93.2              
   pN3                            70.1              
  ER status                                         
   Negative                       87.9              0.484
   Positive                       80.1              
  PR status                                         
   Negative                       88.6              0.406
   Positive                       81.1              
  HER-2 status                                      
   Negative                       81.0              0.641
   Positive                       86.3              
  Adjuvant chemotherapy regimen                     
   CMF                            86.8              0.823
   Anthracycline and/or taxane    83.7              
  PMRT                                              
   None                           76.3              0.003
   Yes                            94.4              

**Note:** *P*-value was calculated using the Log-rank test.

**Abbreviations:** CMF, cyclophosphamide, methotrexate, and 5-Fu; ER, estrogen receptor; HER-2, human epidermal growth factor receptor-2; LRFS, locoregional recurrence-free survival; PMRT, post-mastectomy radiotherapy; PR, progesterone receptor; 5-Fu, 5-fluorouracil.

###### 

Multivariate analyses of locoregional recurrence-free survival

  Characteristic   HR      95% CI          *P*-value
  ---------------- ------- --------------- -----------
  Nodal stage                              
   pN1             1                       
   pN2             1.511   0.543--4.205    0.430
   pN3             4.631   2.093--10.247   \<0.001
  PMRT                                     
   None vs yes     5.553   2.263--13.627   \<0.001

**Abbreviations:** CI, confidence interval; HR, hazard ratio; PMRT, post-mastectomy radiotherapy.

###### 

Impact of post-mastectomy radiotherapy on survival in different subgroups

  Survival endpoint (%)   Entire   One to three positive nodes   Four or more positive nodes                                       
  ----------------------- -------- ----------------------------- ----------------------------- ------ ------ ------- ------ ------ -------
  5-year LRFS             76.3     94.4                          0.003                         80.9   90.9   0.068   63.2   92.4   0.001
  5-year DMFS             61.2     70.3                          0.429                         66.8   91.5   0.132   47.8   62.7   0.085
  5-year DFS              55.3     69.3                          0.146                         61.8   91.5   0.064   39.7   61.3   0.017
  5-year OS               75.6     79.3                          0.750                         84.1   95.7   0.240   54.6   73.2   0.042

**Note:** *P*-value was calculated using the Log-rank test.

**Abbreviations:** DFS, disease-free survival; DMFS, distant metastasis-free survival; LRFS, locoregional recurrence-free survival; OS, overall survival; PMRT, post-mastectomy radiotherapy.
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